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Abstract: The stratigraphic occurcnccs of 3 classes, 44 form genera. 

104 species and varieties or the Miocene fossil Pteridophytic spores from 
the sediments of the North Taiwan including the Miocene formations on 
the western flank of the Chuhuangkcng section of Miaoli-hsicn, Kcclung- 
Ychliu section and Taipci-Sanhsia section of Taipei-hsicn were obtained. 

Nine new species and three new records were also proposed. 

The distributional range of these 104 pteridophytic spore taxa in 82 
samples have been investigated, then ten useful biostratigraphy events can 
be recognized. Based on those ten events, the Miocene sediments of Tai¬ 
wan can be subdivided into nine spore zones. These spore zones have a 
close correlation with rock units. 

The fossil sporomorphs which appeared at first time in rock units, 
decreased its numbers gradually from the oldest to youngest rock forma¬ 
tions. From the amount of the Magnastriatites in the different rock units, 
the habitats of the youngest rock formations of Kucichulin and Nanchuang 
were dry. and the Kuanvinshan Sandstone was swamp and the older rock 
formations showed repeatedly alternative swamp and dry conditions. 

I. INTRODUCTION 

The history ol geopuly nology in Taiwan could trace up to Prolessors G. Nlasamunc and 
T. Nakamura in 1941. From Quaternary peat deposits of Taipei Basin, they obtained eight 
taxa of pollen grains (iluang, 1982). Generally speaking, the pollen analysis of Taiwan up 
to now is mainly in Quaternary (Tsukada, 1966, 1967; Chung and Huang, 1972 (a), 1972 
(b); Chung, Iluang and Stamp, 1973; Huang and Huang, 1977; Huang and Tsang, 1976.); 
Before the Quarcrnary, it could trace up to 1965, Dr. H. Y. Lin. University of Washington, 
he reported fourteen form genera from the analysis of Tertiary coal bed. This is the first paper 
of pollen analysis contributed by a Chinese scholar abroad. His study indicated the possible 
application of palynology to the stratigraphic problems in the Taiwan coal fields; and soon 
after. Dr. J. 0. Canright (1971, 1974) published two pa pc rs based on Palynomorphs recovered 
from 51 samples of coal, shale and sandstone ranging from the bottom of Miocene up to 
the Pliocene in northern and western Taiwan; and later the second author deeply inves¬ 
tigated the Miocene sedimentary rocks totally 82 samples which were collected from the 
Miocene Formation on the western flank of the Chuhuangkcng section of Miaoli-hsicn, 
Kcclung-Ychliu section and Taipci-Sanhsia section of Taipei-hsicn and published the 

(1) This paper is based partly on a M.S. thesis of the first author to the Research Institute of 
Botany, National Taiwan University under the guidance of the second author in 1980. This 
work was financially supported by National Science Council (NSC-66B-0409-02 (12)). 

(2) )8t*|l, Micropalaeontologist. Exploration and Development Research Center. Chinese Petroleum 
Corporation , Miaoli, Taiwan, R. O.C. 

(3) Professor, Department of Botany, National Taiwan University, Taipei, Taiwan, R. O. C. 
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taxonomical finding of these fossil palynomorphs in a series of papers (Huang, 1977, 1978 a, 
1978 b, 1978 c, 1979, 1980 a, 1980 b, 1981 a-c), to lay the foundation of biostratigraphy. 

Therefore, these results make it possible for the first author to utilize the Huang’s 
materials to complete the spore zones of the Miocene in this paper. 

II. MATERIALS AND METHODS 


(I) Materials: 

The samples and section location are briefly described below and shown in Fig. 1. 
There are three sections studied in north-western Taiwan (I) the w r estern flank of the 
Chuhuangkeng section (along the Houlungchi), totally 61 samples, contained the Chuhuang- 
keng Formation (ML-12~19), Fcliao Sandstone (ML-35~40), Nanchuang Formation (ML- 
14—48), and Kucichulin Formation (ML-49~61). (Huang, 1981 b). (2) Kcclung-Ychllu 



Fig. 1. Section location map of the studied area. 
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section (northern and southern parts of the Kanchiao Fault), totally 12 samples, containted 
the Wuchishan Formation (Wu-1—4) (Fig. 2). (3) Taipei-Sanhsia section (between the 

Hsintian Fault and Wuliao Fault), totally 9 samples, contained the Shihti Formation (St-1~ 
5), the Taliao Formation (Trs-1—3), and the Mushan Formation (Mms-1) (Fig. 3). 

A general geology about the sampling area is briefly described as below. A continous 
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sequence of Miocene elastic sediments was deposited in the western gcosynclinal (rough with 
only minor dcpositional breaks. The rocks arc mainly alternations of sandstones and shales 
with locally interspersed reef limestones and tuff lenses. The Wuchishan Formation is exposed 
only in northern Taiwan, north of the Tahanshi stream, but has been penetrated in some 
deep wells in central Taiwan. The Miocene rocks in northern Taiwan arc composed of 
three sedimentary cycles represented by three coal-bearing formations and three intervening 
marine units. These three cycles are considered as Early, Middle, and Late Miocene in a 
chronological order. 

A gradual change in Miocene stratigraphy from northern Taiwan toward central and 
southern Taiwan is reflected in the lithologic characters as well as in the stratigraphic 
thickness. The older Miocene formations disappear successively one after in the exposed 
sections from northern Taiwan toward southern Taiwan. That is, the more south the 
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Miocene bell, (lie less complete the exposed Miocene sequence, and the younger the age of 
the basal Miocene unit exposed (Ho, 1975). For studying the palynological biostratigraphy, 
the standard stratigaphic column adopted is that in northern Taiwan where the sections 
arc well exposed and the stratigrapic sequence is the most complete. So the writers choiccd 
the Chuhuangkeng section, Kcclung-Ychliu section, and Taipci-Sanhsia section to treat the 
palynological study. 

(II) Methods 

The detailed information about the extraction of sporomorph can be referred to the 
early work of the second author (Huang, 1981 b). 

For observation and photographs, the Olympus photomax microscope was used. For 
identification, the standard references as Huang (1972, 1977, 1978b. 1978c, 1979, 1981a), 
Ikusc (1965), Jansonius and Hills (1976), Kremp (1965), Kremp and Kawasaki (1972), and 
Tschudy and Scott (1969) were used. A minimum of 500 grains of palynomorphs were 
counted for each sample. 

III. RESULTS 


(I) The kinds of spore 

A minimum of 500 grains per sample were counted, except for the sample ML-20 
which was lost on the way of collection. The 4 samples ML-60, Wu-1, Trs-1, and Tr-5 
were barren, and the 11 samples ML-61. ML-56, ML-53, ML-22, ML-14, ML-17, St-4 
Wu-2, Wu-3, Tr-2, and Tr-3 do not reach 500 grains of sporomorphs. More than 37848 
palynomorphs were observed which include 5597 ptcridophytic spores, 12228 gymnospermous 
pollen grains, and 20022 angiospermous grains. In order to establish spore zones, the 
ptcridophytic spores were identified to species-level. There are 3 classes, 44 form genera, 
104 species and varieties appearing in those samples as below: 

A. Alclc 

1. Laevigatasporites laiwanensis Huang 

B. Monolete 

2. Echinosporis laiwanensis Huang 

3. Extrapunctatosporis laiwanensis Huang 

4. Gemmamonoletcs formosensis Huang 

5. Gemmamonoletcs oblongo-lunatus Huang 

6. Gemmalosporis lato-aperlus Huang 

7. Gemmalosporis laiwanensis Huang 

8. Inirapunclosporis laiwanensis Huang 

9. Laevigatasporites crasso-lunatus Huang 

10 Laevigatosporites gracilis Wilson and Webster 

11. Laevigatosporites magniformis Huang 

12. Laevigatosporites medius Kosanke 

13. Laevigatosporites reniformis Huang 

14. Laevigatosporites scxangulariformis Huang 

15. Ixtcvigatosporiics laiwanensis Huang 

16. Laevigatosporites tenui-lunatus Huang 

17. Latosporites laiwanensis Huang 

18. Lunulas porites laiwanensis Huang 

19. Microfoveolatosporis lunatus Huang 
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20. Microfoveolatosporis oblongo-cllipticus Huang 

21. Microfoveolatosporis taiwanensis Huang 

22. Perinomonoletes granulatus Huang 

23. Perinomonoletes lato-reticulatus Huang 

24. Perinomonoletes lato-reticulatus var. punctalus Huang 

25. Perinomonoletes oliocaenicus Krulsch 

26. Perinomonoletes plicatus Huang 

27. Perinomonoletes plicatus var. rugosus Huang 

28. Perinomonoletes reticulatus Huang 

29. Perinomonoletes reticulatus var. scabrato-marginatus Huang 

30. Polypodiidiles reniformis Huang 

31. Polypodiidiles taiwanensis Huang 

32. Punctatosporitcs taiwanensis Huang 

33. Schizaeoisporites digital us Huang 

34. Schizaeoisporites taiwanensis Huang 

35. Verrucatosporites balticoides Huang 

36. Verrucatosporites balticuoides var. minor Huang 

37. Verrucatosporites lato-aperlus Huang 

38. Verrucatosporites lato-apertus var. minor Huang 

39. Verrucatosporites lunatus Huang 

40. Verrucatosporites oblongus Huang 

41. Verrucatosporites pseudobaiticus Huang 

42. Verrucatosporites reniformis Huang 

43. Zonomonoletes taiwanensis Huang 

C. Trilctc 

44. Bacutriletes desobaculus Huang 

45. Bohemiasporis taiwanensis Huang 

46. Cibotumsporites cumingus Huang 

47. Cicatricosisporites australiensis Cookson Potonic 

48. Cicatricosisporites taiwanensis Huang 

49. Cingulatisporites taiwanensis Huang 

50. Concavitriletes taiwanensis Huang 

51. Convolutispora taiwaniana Huang 

52. Crassoretitriletes vanraadshooveni G. H. M. 

53. Delloidospora taiwaniana Huang 

54. Foveotriletes serratus Huang 

55. Foveotriletes salvinioides Shaw and Huang 

56. Gemmatotriletes taiwanensis Huang 

57. Gemmatotriletes sanhsiaensis Shaw and Huang 

58. Gleicheniidites rasilis Krutzsch 

59. Gleicheniidites taiwanensis Huang 

60. Granulatisporites taiwanensis Shaw and Huang 

61. Leiolriletes elliptic us Huang 

62. Leiolriletes obovatus Huang 

63. Leiolriletes woll/fi Kr. subsp. brevis Kr. 

64. Leiolriletes parvus Naumova 

65. Leiolriletes sphaerotriangulus (Loose) Poloni'c and Kremp 

66. Leiolriletes taiwanensis Huang 
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67. Xfagnaslritiies howardii G. H. M. 

68. Magnastriaties taiwanensis Huang 

69. Osmundacidites taiwanensis Iluang 

70. Perotriletes minor Krutzsch 

71. Perotriletes reticulatus Shaw and Huang 

72. Plicatella taiwaniana Huang 

73. Polypodiaceoisporites bellus Huang 

74. Polypodiaceoisporites dactylinus Huang 

75. Polypodiaceoisporites emarginatus Huang 

76. Polypodiaceoisporites gracillimus Nagy 

77. Polypodiaceoisporites intrabalticus Huang 

78. Polypodiaceoisporites intragigantibalticus Huang 

79. Polypodiaceoisporites microconcavus Krutzsch 

80. Polypodiaceoisporites microconvexus Huang 

81. Polypodiaceoisporites microformis Huang 

82. Polypodiaceoisporites multifidus Huang 

83. Polypodiaceoisporites semipinnatus Huang 

84. Polypodiaceoisporties setuloso-costulatus Huang 

85. Polypodiaceoisporites taiwanensis Huang 

86. Polypodiaceoisporites venustus Huang 

87. Verrucingulatisporites villains Shaw and Huang 

88. Polypodiaceoisporites wallichianus Huang 

89. Pterisporis concavus Huang 

90. Pterisporis taiwanensis Huang 

91. Retitriletes taiwanensis Huang 

92. Retitriletes clavatus Shaw and Huang 

93. Toricingulatisporites taiwanensis Huang 

94. Toroisporis bifidus Huang 

95. Toroisporis taiwanensis Huang 

96. Trilobosporites taiwanensis Huang 

97. Triplanosporites magnus Shaw and Huang 

98. Triplanosporites medius Shaw and Huang 

99. Triplanosporites taiwanensis Huang 

100. Triplanosporites taiwanensis var. minor Shaw and Huang 

101. Verrucatitriletes taiwanensis Huang 

102. Verrucingulatisporites taiwanensis Huang 

103. Verrucosisporites taiwanensis Huang 

104. Verrucosisporites taiwanensis var. scabriformis Huang 

(II) Taxonomic Treatment of new taxa and new records 

Nine new species and three new records were recognized. Their morphologic characters, 
slide numbers, localities, and taxonomic affinities were described as below: 

12. Laevigatosporitcs medius Kosankc, Catalog of fossil spores and pollen 5: 44, fig. 2 Plate 
2, figs. 5, 6 

Spores monolctc, equatorial view lunate, the proximal face flat, the distal face convex; 
23-28X35-42 v, sexine smooth; cxine psilatc, 0.7-1.5/x thick. 

Locality: Kuantaoshan Sandstone Member. 

Selected slide: ML 49-1L, ML 49-1R. 
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Taxonomic affinity: This species is possiblly related with the extant polypodiaccac spore. 
55. Koveotriletes salvinioides sp. nov. Plate I, tig. 8 

Spores trilete; amb subtriangular. one side straight, two sides convex; about 32-38// 
wide; laesural arms stright, 12-15// long; sexine foveolatc; cxinc 1.5-2 ju thick, with flat 
verruca te processes. 

Type locality: Talu Shale Membor. 

Type slide: ML 10-7 R (fig. 8 Holotype). 

Taxonomic affinity: This species is similar to the extant I.ycopodium salvinioides (Hert.) 
Tagava of L.ycopodiaceac. 

57. Gemmatotriletes sanhsiaensis sp. nov. Plate I, fig. 9 

Spores trilete; amb triquctc with two sides concave, one side straight, about 34// 
wide; laesural arms 13// long, with flange-like margo, the margo 0 5// thick; sexine granul¬ 
ate; exine 1-1.5// thick, with gemmate process. 

Type locality: Shihti formation. 

Type slide: St I-1L (fig. 9 Holotype). 

Taxonomic affinity: unknown. 

60. Granulatisporitcs taiwanensis sp. nov. Plate 2, figs I, 2 Z&MIRtl&'ELXZH.Jii 

Spores trilete; amb round triangular or globose, about 37-42/1 wide; laesural arms 
18 - 22/1 long, with flange-like undulated margo. the margo 1 /i wide; sexine finely granulate 
process, granules about 0.5X0.5//; psilate to exine 1/i thick, with papillate to gemmate 
process. 

Type locality: Kuantaoshan Sandstone Member. 

Type slide: ML 49-1 R (fig. 1, Holotype) 

Taxonomic affinity: This species is related with the extant Hymcnophyllaceac spore. 

63. Leiotriletes wolfli Kr. subsp. brevis Kr. Altas der mittcl-und jungtertiaren dispersen 
Sporen-und Pollen sowic dcr Mikroplanktonformcn dcs nordlichen Mitteleuropas 1:28, 
Tafel 7, Figs. 1-20. Plate 1, figs. 10-12 

Spores trilete; amb round triangular to subtriangular, with slightly convex sides, about 
25-32/1 wide; laesural arms straight, about 9-11 /< long; sexine smooth; exine less than 
1 ft thick, psilate. 

Locality: Talu Shale Member, Tungkeng Formation. 

Selected slide: ML 8-4L, ML 42-5R. 

Taxonomic affinity: unknown. 

64. Leiotriletes parvus Naumova, in Gcol. Inst. Sci., Acad. Sci. U. S. S. R. P. 44 Plate. 5, 
fig. 11; The spores of the Pteridophytcs. P. 159 Plate 2, figs. 7, 8 

Spores trilete; amb round triangular to globose with convex sides, about 13-17/1 wide; 
laesural arms 5 ft long; sexine smooth, exine 1 ft thick, psilate. 

Plate 1. New Formosan Pteridophytic fossil taxa; Figures 1-3, x500; Figures 4-12, x 1000. 

I. Perotriletes reticulums Shaw & Iluang (ML58-2I.) 

2-3. Triplanosporites magnus Shaw & Iluang (ML28-2L, MLSI-31.) 

4-6. Triplanosporites medius Shaw & Iluang (ML3I-2L, MI.3I-2R) 

7. Triplanosporites minor Shaw & Huang (ML34-II.) 

8. Foveotriletes formosensis Shaw & Huang (MI.10-7R) 

9. Gemmatotriletes formosensis Shaw & Iluang (Stl-IL) 

10-12. fjeiotrites wol/ft Kr. subsp. brevis Kr. (42-5R) (MI.50-1R, MI.8-4I.) 
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Locality: Chuhuangkcng Formation, Talu Shale Member. 

Selected slide: ML 7-12 R, ML 17-2 R. 

Taxonomic affinity: Unknown. 

Note: Mostly found on the Upper Devonian of the Russian Platform. 

87. Vermcingulatisporitcs vittatus sp. nov. Plate 2, figs. 3-4 

Spores trilete; amb subtriangular with slightly convex sides, about 46// wide; laesural 
arms about 10-11// long, with lonc-likc margo; proximal face ornament inconspicious, the 
distal face muri; with rounded granulated process; muri 3-4//tall; lumina polygonal, 7-14// 
across, with tubercuac protruding of some of the lumina; equatorial ridge annulate, with 
undulated margin, the annulus 3-4// thick; exine thin. 

Type locality: Kuantaoshan Sandstone Member. 

Type slide: ML 49-1L, ML 52-5L (Fig. 3, Holotype) 

Taxonomic affinity: This species is similar to the extant Pteris vittaia L. of Pteridaceae. 

71. Perotriletes reticulatus sp. nov. Plate. 1. fig. 1 

Spores trilete; amb round triangular, about 70-90// wide; laesural arms curved, 39-48// 
long; margo 1-2// thick; perine extending over the exine, wrinkled into lopho-reticulate; 
lumina polygonal 9-12// across, muri 1-1.5// thick; exine psilatc, perine with irregularly 
scabrate process. 

Type Locality: Yutengping Sandstone Member. 

'ype slide: ML 58-2 L (Fig. 1, Holotype) 

axonomie affinity: This species is possiblly related with the extant Selaginella megaspore 
of Sclaginellaceae. 

■2. Retitriletcs clavatus sp. nov. Plate 2, figs. 9, 10 

Spores trilete; amb subtriangular with convex sides, about 33 ft wide: laesural arms 
11-17// long; muri 0.5// thick; sexine reticulate; exine 1.5// thick, with cristatum-capitate 
process. 

Type Locality: Pciliao Sandstone, Shihilufcn Shale Member. 

Type slide: ML 33-4L, ML 56-5L (fig. 10, Holotype) 

Taxonomic affinity: This species may be similar to the extant Lycopodium clavaium L. of 
Lycopodiaceac. 

97. Triplanosporitcs magnus sp. nov. Plate 1, figs. 2, 3 

Spores trilete; amb cxtremly concave, about 62-70// wide, with a polar axis that is 
ongcr than the equatorial axis; laesural arms indistinct; sexine smooth; exine 3-4// thick, 
-isilatc. 

Type Locality: Pcliao Sandstone, Kuantaoshan Sandstone Member. 

Typeslide: ML 28-2L, ML 5I-3L (fig. 3 Holotype) 

Taxonomic affinity: This species is possibly related with the extant Cyatheaccac. 

Plate 2. New Formosan Pteridophytic fossil taxa; All figures, X1000. 

1-2. Granulatisporites taiwanensis Shaw & Iluang (MI.49-1R) 

3-4. Verrucingulatisporites vittatus Shaw & Huang (MLS2-5L, 

ML49-1I.) 

5-6. I^evigatosporites me dins Kosanke (Mm-2R, ML49-1R) 

7-8. fsiotriletes parvus Naumova (ML7-I2R, ML17-2R) 

9-10. Retitriletes davatus Shaw & Huang (ML56-5L, ML33-4L) 
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98. Triplanosporites mcdius sp. nor. Plate 1, figs. 4-6 ^'^^^=3^5136 

Spores triletc; amb extremely concave with a polar axis that is longer than the 
equatorial axis, about 36-41 a* wide; laesural arms about 12-15 n long; sexine smooth; 
exine 1 n thick, psilate. 

Type Locality: Talu Shale Member, Peliao Sandstone. 

Type slide: ML 9-3 R (fig. 4, Holotype), ML 31-2L, ML 31-2R. 

Taxonomic affinity: This species is possibly related with the extant Cyathcaccae. 

100. Triplanosporites taiwanensis Huang var. minor— var. nov. Plate 1, fig. 7 

Spores trilete; amb extremely concave with a polar axis that is longer than the 
equatorial axis, about 22-24/* wide; laesural arms distinct, about 5 ft long; psilate; sexine 
smooth, exine less than 1 /< thick. 

Type Locality: Peliao Sandstone. 

Type slide: ML 30-1L. 

Taxonomic affinity: This species is possibly related with the extant Cyathcaccae. 

(Ill) Pteridophytic spore assemblages and zonation 

Identification with light microscope has yielded a total of 44 form genera, 104 species 
and varieties from the Chuhuangkeng section, Sanhsia section, and Keelung-Yehliu section. 
Several species just appear at one point in the formations, such as: Perolrileics reticulatus, 
Retitriletes clavatus, Latosporiles taiwanensis, Bohemiasportits taiwanensis, Granulatisporiies taiwan- 
ensis, Polypodiaceoisporiies gracilimus, etc. Some species arc distributed in a short range, such 
as: Zonomonoletes taiwanensis, Verrucosisporites taiwanensis, Toroisporites bifidus, Perotriletes 
minor, Polypodiaceoisporiies intragigantibalticus, Cingulatisporites taiwanensis, Gleicheniidites 
taiwanensis, Polypodiaceoisporiies microformis, Retitriletes taiwanensis, Trilobosporites taiwanensis, 
Triplanosporites medius, Perinomonolttes oliocaenicus, Gleicheniidites rasilis, Osmundacidiites 
taiwanensis, etc. The others arc all long range in distribution, the dominant species 
being Gemmatomonoletes formosensis, Verrucatosporites pseudobalticus, Laevigatosporites gracilis, 
Laevigatosporites medius, Laevigatosporites reniformis, Verrucatosporites reniformis, Cicatricosisporites 
australiensis, Crassoretitriletes vanraadsltooveni, Magnastriatites howardii, etc. Some of the species 
can be used as indicator of the formations (Fig. 4). 

From the records of occurrence and extinction of the species in the formations (Table 
1 ), the writers selected several spore assemblages and used for methods to make the 
zonations: (I). Acme zone: a group of strata based on the abundance or development of 
certain forms, regardless of cither association or range; (II). Interval zone of extinction: 
The stratigraphic interval between the extinction of two, or two group of taxa; (III). 
Interval zone of appearance: The stratigraphic interval between the occurrence of two, or 
two group of taxa; (IV). Combination spore zone: combining the upper three methods to 
choose the important characters to make the zonations (Hcdbcrg, 1976). 

A brief discussion on the zonation based on the assemblages will be given in ascending 
order of the formational sequence as follows. 

(1) Wuchishan Formation: The Wuchishan Formation was proposed by Yen and Chen 
in 1953 and the type location is a high mountain range southwest of Kcclung city. It is 
nowhere completely exposed because its lower part is usually dissected by faulting (Ho, 1975; 
Lin and Chou, 1978). The samples Wu-1 and Wu-2 arc nearly barren. The barrenness 
may reveal ecological change if not signifying bad collection. In this formation, a total 
of 11 species are contained: Laevigatosporites gracilis, Polypodiidites taiwanensis, Polypodiidites 
reniforms, Gemmatosporis taiwanensis, Punctatosporites taiwanensis, Cicatricosisporites australiensis, 
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Convolutispora laiwaniana, Crassoretilriletes vanraadshooveni, Magnastriatiles howardii, Osmunda- 
cidiles taiwanensis, and Toroisporis taiwanensis. These arc all long range species, only the 
species Osmundacidites taiwanensis disappear at the base of the Tungkcng Formation. Crassore- 
titriletes vanraadshooveni and Punctatosporites taiwanensis show a small Acme Zone, equivalent 
to zone A (Fig. 4). Zone J is equal to Zone SP1, its lower limit uncertain. 

(2) Mushan Formation: This formation was proposed by Yen and C’hcn in 1953 to 
replace the old term "Lower coal-bearing formation” which is the lowest of the three coal- 
bearing formations in northern Taiwan. Ptcridophytic spores in the Mushan Formation 
number 30 species, 22 species being of first appearance. Only 11 species appear from the 
base of the Mushan Formation: Cicatricosisporites taiwanensis, Gleicheniidites rasilis, Laevi- 
gatasporites taiwanensis, Laevigatosporites medius, Laevigatosporites reiformis, Laevigatorsporites 
sexangulari/ormis, Laevigatosporites taiwanensis, Laevigatosporits tenui-lunatus, Perinomomoletes 
oliocaenicus, Polypodiaceoisporites venustus, and Verrucatosporites reniformis. Between samples 
Mm-1 and Wu-1 of the Kcclung area a clear datum plane is shown to discriminate 
zone K and zone J of the interval zone of appearance. Zone K is equal to zone SP 2 
(Fig. 4). 

(3) Taliao Formation: The formation name was proposed by Ichikawa in 1930 after 
the village of Taliao near the town of Sanhsia, Taipci-hsien. (Ho, 1975; Lin and Chou, 
1978). In the Sanhsia section, sample Trs-1 is barren, Trs-3 is rare of sporomorphs, and 
only Trs-2 is rich in sporomorphs. In the Kcclung section, sample Tr-5 is barren. Tr-2 
is rare, and Tr-1, Tr-3, Tr-4 arc rich in sporomorphs. A total of 52 species and varieties 
occur in this formation. There arc 24 species of first appearance in this formation. 
Eighteen species appear from the base of the Taliao Formation: Cibotumsporites cumingus, 
Concavitriletes taiwanensis, Dcltoidospora laiwaniana, Gemmatomonoletes oblongo-lunatus, Gem- 
matosporis laloapertus, lnlrapunctatosportites taiwanensis, Laevigatosporites crasso-lunatus, Leiotri- 
letes ellipticus, Leiotriletes wolffi brevis, Lunulasporites taiwanensis. Micro/oveolatisporites oblongo- 
ellipticus, Perinomonoletes granulatus, Polypodiaceoisporites setuloso-costulatus, Polypodiaceoisporites 
multifidus, Verrucatosporites laloapertus laloapertus, Verrucatosporites lunatus, V. oblongus, and 
Verrucosisporites taiwanensis scabriformis. Between the samples Mm-3 Tr-3 of Keelung, a 
definite datum plane is shown to discriminate the zone L and zone K. zone L is the same 
as zone SP3 (Fig. 4). 

(4) Shihti Formation: This carbonaceous unit was first named the middle coal-bearing 
formation by Ichikawa (1930). The term Shihti Formation was introduced later by Yen 
and Chen (1953) as a substitute. In the Sanhsia Section the sporomorphs in sample St-4 
are less than 500, and the ptcridophytic spores in sample St-5 are more than 90 percent. 

A total of 50 species and varieties appear in the Shihti Formation 12 species beginning 
to appear from the base. Retitriletes taiwanensis, Plicalella laiwaniana and Triplanosporites 
taiwanensis var. minor appear from the sample St-4. Schizaeoisporites taiwanensis occur from 
the sample St-3. Polypodiaceoisporites bellus appear from the sample St-5. Between the 
samples St-4 and St-5 a definite datum plane is shown to discriminate zone M and zone L. 
Zone M is equal to zone SP 4 (Fig. 4). 

(5) Nankang Formation: This formation is divided into two stratigraphic units in the 
previous Japanese geologic maps, the Tsouho Formation below and the Nankang Sandstone 
above, but these two formations lack of a well-defined boundary, so that the Nankang 
Formation as the whole formation was proposed and used for field mapping by Ho and 
others. It can be subdivided into three members in the Chuhuangkcng oil field of Miaoli- 
hsicn in ascending order, the Pcliao Formation Member, Talu Shale Member, and Kuanyin- 
shan Sandstone Member (llo, 1975; Lin and Chou 1978). 

(A) Pcliao Formation Member: it contains the uppear part of the Chuhuangkcng 
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Fig. 4. Chart showing distribution and zonalion of selected Miocene Pteridophytic 
Spores in northern Taiwan. 
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Fig. 5. The spore diagram of four main genera of Miocene in northern Taiwan. 
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Formation and the Pcliao Sandstone. The occurring species have rapidly incrascd up to 73 
of which 13 species appear in this member. Leiotriletes laiwanensis, Verrucatitriletes laiwanensis 
and Perinomonoletes lato-retlculatus var. lato-reticulatus occur at the lower part of the Pcliao 
Sandstone Member (ML-23), Between the samples ML-22 and ML-23 a clear datum plane 
is shown. At the top of the Pcliao Formation Member (ML-34.) Rc tit rile tes laiwanensis , 
Polypodiacesisporitcs gracillimus, Perinomonoletes oliocaenieus, and Tripianosporites laiwanensis 
minor arc extinct, so that the upper limit of the zone E (Interval zone of extinction) is 
sample ML-34 the lower limit is not sure. Glieicheniidites laiwanensis and Tri pianos porites 
magnus occur at the middle of the Pcliao Sandstone Member (ML-28). Between the samples 
ML-27 and ML-28 a definite datum plane is shown to discriminate zone O and zone N. 
Zone SP5 is equal to zone N and zone O. In other words, zone SP5 can be subdivided into 
zone N and zone O. At the top of the Peliao Formation Member (ML-29-ML-32), the 
three species Cicatricosisporites australiensis, Magnastriatites laiwanensis and Laevigatosporites 
show a short Acme zone (Fig. 4). 

(B) Talu Shale Member: The spore assemblages in this Member arc 52 species. The 
first occurring species total five. The three species Cingulatisporities laiwanensis, Toricingula- 
lisporiies laiwanensis, and Perotriletes minor occur at the sample locality of ML-11. The two 
species Polypodiaceoisporiles microconvexus and Polypodiaceoisporites laiwanensis occur at the 
sample locality of ML-10. Between samples ML-10 and ML-11 a definite datum plane is 
shown to discriminate zone P and zone Q (Fig. 4). 

(C) Kuanyinshan Sandstone Member: The spore assemblages in this member total 61 
species. Only one species, Extrapunctatosporites laiwanensis, occurs in this member. Among 
the assemblages, Perotriletes minor is distributed in a short range, occurring from the base 
of the Talu Shale Member (ML-11) and disappearing from the base of the Kuanyinshan 
Sandstone Member (ML-37). In this member, Magnastriatites howardii shows an Acme zone 
(zone B), amounting nears up to 19% of the total sporomorphs. In the upper part of the 
member Magnastriatites howardii shows a rapid decrease. The zone SP5 of the combination 
spore zone includes the whole zone B and the lower part of zone P. 

(6) Nanchuang Formation: The Nanchuang Formation has been used by Ho and 
others (1954) to replace the old term "Upper coal-bearing formation" which docs not carry 
a geographic name. The Nanchuang Formation is equal to the Wutu Formation in 
nothernmost Taiwan, and also equal to the Tungkcng Formation Member and the Shang- 
fuchi Sandstone Member in Miaoli-hsicn (Ho, 1975; Lin and Chou, 1978). 

(A) Tunkeng Formation Member: The spore assemblages in this member are 47 
species and varieties. The first occurring species in this member is Verrucatosporites balticoides 
var. minor. Rich occurrance of Gemmatomonoletes formosensis extends from this member to 
the base of the Shangfuchi Sandstone Member (ML-46), and shows an Acme zone (zone 
C). Below this member, Gemmatomonoletes formosensis show's a rapid decrease. Leiotriletes 
wolffi var. brevis in this member shows an obvious peak (Fig. 4). 

(B) Shangfuchi Standstone Member: The spore assemblages in this member arc 32 
species and varieties. Toroisporis first appears in this member. Laevigatosporites gracilis 
dominates in this member. The genus Laevigatosporites show's an Acme zone (zone D). 
(Fig. 4; Fig. 5) the upward cxlcntion of this zone being from the upper part of the 
Shangfuchi Sandstone Member to the middle part of the Shiliufen Shale Member. This 
genus contains three species: Lavigatosporites gracilis, l-eavigatos porites medius, and Laevig¬ 
atosporites reniformis. 

(7) Kueichulin Formation: This formation name was first proposed by Torii and 
Yoshida (1931) in the Chuhuangkeng oil field of Miaoli-hsicn. The Kueichulin Formation 
is equal to the Tapu Formation and the Erhchiu Formation. In a large part of central 
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Taiwan, Che three correlative units of the Kucichulin Formation are the Kuanlaoshan 
Sandstorc, the Shihliufcng Shale, and the Yutengping Sandstone Menbers (Ho, 1975). 

(A) Knantaoshan Sandstone Member: The spore assemblages in this member arc 67 
species and varieties. Six species first appear in this member, but among the Bohemiasporites 
taiwanensis, and Cranulatisporites taiwanensis arc spot occurrences at the sample locality of 
ML-49. Vcrrucingutatisporites vitialus first appears at the base of the Kuanlaoshan Sandstone 
Member (ML-49). Latosporites laiwanensis and Verrucosisporiles taiwanensis laiwanensis first 
appear at the sample locality of ML-50. The top occurrence of Verrucingulatisporites 
laiwanensis, Triiobosporilcs laiwanensis, Glcicheniidites rasilis and Laevigalosporilcs sexangtdari- 
formis is at the sample locality of ML-50. The extinction of Schizaeoisporites laiwanensis and 
and Cingulalisporitcs laiwanensis is at the sample ML-49. Between sample ML-49 and ML- 
50 there is the distinction datum plane of zone F and zone G and the occurrence datum 
plane of zone P and zone Q, the same as the definite datum plane of the spore combination 
zone of SP7 and SP8. 

(B) Shiliufen Shale Member: The spore assemblage in this member arc 55 species 
and varieties. No species first appears in this member. The eight species extinct in the 
base part of the Shiliufen Shale Member (ML-54) and Zonomonolcles taiwanensis, Polypodiace- 
oisporites daclylinus, Verrucatosporiles latoapcratus var. minor, Laevigatosporites tenuilunalus, 
Lchinosporis taiwanensis, Delloidospora laiwaniana and Triplanosporiles laiwanensis. Between the 
samples ML-54 and ML-55 there is a distinction datum plane of zone G and zone H. The 
spore combination zone of SP8 is equal to the distinction zone of zone G. 

(C) Yutengping Sandstone Member: In this member the sample ML-60, is barren, and 
ML-61 is rare of fossils. The spore assemblages in this member arc 55 species and varieties. 
Perotriletes magnus is of spot occurrence at the sample locality of ML-58. There are 26 
species extending upward to sample ML-58. Between samples ML-58 and ML-59 there is 
a definite datum plane of zone II and zone I, and the upper limit of zone I is uncertain. 

IV. DISCUSSION 

With the combination spore zone method, there have been recognized in northwestern 
Taiwan nine biostraligraphic zones (Table 2) based on plcridophytic spore alone. 

Zone SPI: Crassoretitriletes vanraadshooveni and Punctalosporites laiwanensis acme-zone, 
its lower limit uncertain. 

Zone SP2: Laevigatosporites reni/ormis/Verrucatosporiles lalo-apertus appearance-interval- 
zone. 

Zone SP3: Leiotriletes wolj/i var. brevis/Triplanosporiles laiwanensis var. minor appcarance- 
inlerval-zonc. 

Zone SP4: Plicatella laiwaniana/Leiotriletes laiwanensis appearaiicc-iiilcrval-zonc 

Zone SP5: Leiotriletes taiwanensis/Perinomonoletes minor appcarancc-interval-zonc. 

Zone SP6: Magnastriatites howardii acme-zone. 

Zone SP7: Gcmmamonoletctcs formosensis and Laevigatosporites gracilis acme-zome. 

Zone SP8: Verrucosisporites laiwanensis/Verrucatosporiles lato-appertus concurrcnl-rangc- 
zonc. 

The spore combination zone is decided mainly by the appearance-interval zone and 
subsidiarily by the acme zone and extinction-interval zone. Spore combination zone is 
somewhat similar to the Oppel zone, for they both have the important characters of 
zonation. 

There are 26 species extending upward to the sample ML-58 of the Yutengping 
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Tabic 2. Correlation between biostratigraphic zones and rock unit stratigraph¬ 
ic zones of northern Taiwan of Miocene 
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Sandstone Member, but the next two samples ML-60 and ML-61 arc nearly barren, so that 
before further study of the Pliocene the writer does not use their disappearance to 
subdivide the spore combination zone. 

In the Wuchishan Formation, the samples Wu-1 and Wu-2 arc nearly barren, and the 
sporomorphs in front and back have a distinct change, so that it can be easily separated 
into the Oligoccnc and Miocene. 

From Fig. 6, the first appearances of fossil spore laxa in e\cry stratigraphic unit ha\e 
shown that the Mushan Formtion underwent the most of differentiation, and it gradually 
decreased in proper order, to that the Kuanyinshan Sandstone. Tungkeng Formation, Shang- 
fuchi Sandstone show minimum differentiation. Then the Kuantaoshan Sandstone shows a 
revival. According to Cousmincr’s research (Tschudy and Scott, 1969) the first appearance 
of palynomorphs is most abundant between the Loccnc and Oligoccnc, and then it quickly 
decreased. In the Miocene it maintained a slow-dccrcasc. In this paper, the first appearance 
of fossil spore taxa, from the oldest formation (Mushan Formation) to the yougest 
formation (Yutcngping Sandstone), shows a gradually decreasing trend. 

From the total fossil spore taxa of every stratigraphic unit (Fig. 7), the Pcliao 
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Formation and Kuunluoshan Sandstone Member show higher complexities. The average of 
the taxa of the fossil spore appearance in every stratigraphic unit is 49. 

1‘hc species. Crassorelitrilclcs vanraadshooveni G. H. M. is named by Hopping (1967), He 
regards this species as equal to the recent species Lygodim microphyllum. The datum plane 
of the lop occurrence or this species is later than the datum plane of disappearance of the 
foraminifera Olobigerina fohsi (Hopping. 1967), equal to the Kuantaoshan Sandstone Member 
of the Miocene in Taiwan (Chang. 1967). In this paper, Crassrelilrileles vanraadshooveni is 
a species of long distance distribution. From the Wuchishan Formation to the Yutengping 
Sandstone of Member or the Kucichulin Formation it appears. Thus it is difficult to make 
a world wide correlation of plcidophytic spore. Lygodium microphyllum is a tropical or 
subtropical plant. In the Wuchishan Formation, there occur a great quantity of Crassore- 
titriletes vanraadshooveni, so that the Wuchihshan Formation reveals that the climate was not 
cold. 

In the ptcridophytic plant, the Ccraiopieris is generally speaking of swamp or marsh 
habitat. Many scholars regard the Magnastriatites howardii as similar to the recent plan! 
Ceratopteris. The variance of the distribution and quantity shows that the ecological 
environment in the Kuanyinshan Sandstone Member is a maximum swampy environment 
The environment in the upper part is dry, and that in the lower part is swamy and dr> 
alternatively. 

The spot occurrence of Bohcmiusporis taiwanensis and other six species (Table 1). It i 
consider to be a reworked or introduced fossil so that in this paper it is just record fo 
reference. 

In the sample St-4 from the Shihti Formation in the Sanhsia section, the spore number 
is 90% or more of the total. Laevigatosporiles medium is 62% or more of the total. Perhaps 
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(his sample just by chance contained this kind sporangium. 

In the whole Miocene stratigraphic unit, the plcridophytic spore is only 14.8% of the 
total. This shows that the ptcridophytic plant was already a decreasing group, but the 
number of species is great with several species in sporadical occurrence. 

V. CONCLUSION 

The stratigraphic occurrences of three classes, 44 form genera, 104 species and varieties 
of the Miocene fossil ptcriodophytic spores from the sediments of Northern Taiwan is 
discussed. 

The distributional range of ptcridophytic spores in 82 samples collected from the 
Miocene formations on the western flank of the Chuhuangkcng section of Miaoli-hsien and 
in the Keclung-Yehliu section and Taipei-Sanhsia section of Taipci-hsien has been investigated, 
and ten useful biostratigraphy events are obtained as below: 

1. In the Wuchihshan Formation, Crassoretilriletes vanraadshooveni and 1‘unctatosporitcs 
taiwanensis show a small Acme zone. 

2. The base of the Mushan Formation (Mm-1), 11 species occur, such as Laevigaiosporiies 
reniformis. 

3. Eighteen species are of first appearance in the base of the Taliao Formation (Tr-3). 
such as Gemmatosporis lato-apertus. 
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4. Three species are or first appearance in the base of the Shihti Formation (St-4) such 
as Plicalella taiwaniana. 

5. Three species arc of fiirst appearance in the lower part of the Peliao Sandstone (ML- 
23), such as Leiotrileles taiwanensis. 

6 . Three species are of first appearance in the upper part of the Talu Shale (ML-11) such 
as Perotriletes minor. 

7. In Kuanyinshan Sandstone, Magnastriaiiles howardii shows an Acme zone. 

8 . From the Tungkcng Formation to the base of the Shangfuchi Sandstone (ML-46), 
Gemmatomonoletes formosensis shows an Acme zone. 

9. In the lower part of the Kuantaoshan Sandstone (ML-50), two species arc of first 
occurrence, such as Verrucosisporites taiwanensis taiwanensis , and four species become 
extinct, such as Verrucingulatisporites taiwanensis. 

10. Eight species become extinct in the base of the Shiliufcn Shale (ML-54), such as 
Verrucatosporites lato-apertus var. minor. 

Based on those ten events, the Miocene sediments of Taiwan can be subdivided into 
nine spore zones, according to the sequence from old to young geological age as follow: 
SP 1: Crassoretilriletes vanraadshooveni and Punctatosporites taiwanensis Acme-zone. SP2: 
Laevigatosporites reniformis/Verrucatosporites lato-apertus Interval-zone. SP3: Leiotrileles wolfft 
brevis/Triplanosporites taiwanensis minor Interval-zone. SP4: Plicatella taiwaniana/Leiotrileles 
taiwanensis Interval-zone. SP5: Leiotrileles taiwanensis/Perotriletes minor Interval-zone. SP6: 
Magnastriaiiles howardii Acme-zone. SP7: Gemmamonoletes formosensis and Laevigatosporites 
gracilis Acme-zone. SP8: Verrucosisporites taiwanensis/Verrucatosporites latoapertus Concurrent 
range-zone and SP9: the upper limits undefined zone. 

The variance of the distribution and quantity of Magnastriaiiles howardii shows that the 
ecological environment of the Kuanyinshan Sandstone is a maximum swampy environment. 
The environment of the upper part is dry and that of the lower part is swampy and dry 
alternatively. 

In the Miocene stratigraphic unit of Taiwan, the first appearance of fossil spore taxa, 
from the oldest formation (Mushan Formation) to the youngest formation (Yutengping 
Sandstone), shows a gradually decreasing trend. 

This biostratigraphic study is based only on pteridophytic spore obtained from restricted 
area of northern Taiwan. If palynomorphic research is done for a wider area, the biostra¬ 
tigraphic subdivision and correlation will be more accurate. 

The correlation between spore zones and rock unit stratigraphic zones was dicussed 
(Fig, 4) (Table 2). These spore zones have a close correlation with rock units. 
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